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Title: Piston in a Swash Plate Type Compressor 



(Abstract) 

(Purpose) To reduce the weight of a single head tyi e piston of 
an integral structure and prevent frictional wear at a a tiding 
contact portion between a piston and a cylinder bore. 

(Constitution) A single head piston 8 has an engraved portion 8a 
formed to a head 10. The engraved portion 8 has a nssess formed 
toward the central axis CI of the single head piston 8 on the side 
of a circumferential surface of the head 10 opposite is) the 
rotational direc tlon R of a swash plate 7 with respect O a° 
central axis CI of the single head piston 8, A seal surface 8b is 
formed in the single head piston 8 being extended to I In : engraved 
portion 8a. The seal surface 8b seals the peri phery oif a suction 
port 12a. 



P-2R.5 
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(Scope of the Claim for Patent) 

(Claim 1) A swash plate type compressor for converting a 
rotational movement of a swash plate into a linear reel procal 
movement of a single head piston by way of shoes etc i interposed 
between both surfaces of the swash plate supported t'U ably to a 
rotational shaft and a neck of a single head piston cc-Dlained in 
a cylinder bore, and controlling the tilting angle of tin swash 
plate by a difference between a pleasure in a crank c h imber and a 
suction pressure by way of a single head piston, wheitm 

an engraved portion concaved (recessed) to a cent al axial 
line of a piston is disposed to the side of the circuraf sientlal 
surface of a head of at least one of single head piston i onjhe . 
rotational direction and the opposite direction of the swash plate 
with respect to the central axis of the piston. 

(Claim 2) A swash plate type compressor for conve f t ng a 
rotational movement of a swash plate into a linear ret-l procal 
movement of a single head piston by way of shoes esu x interposed 
between both surfaces of the swash plate supported ti lt ably to a 
rotational shaft and a neck of a single head type piston contained 
in a cylinder bore, controlling the tilting angle of the i wash 
plate by a difference between a pressure in a crank chiimber and a 
suction pressure by way of a single head piston, and : >:L< 
supplying a coolant gas by way of a rotary valve rotadig 
integrally with the rotational shaft from a suction pou: in 
communication with a circumferential surface of a cylinder 

bore to, the inside of the cylinder bore, wherein 



an engraved portion is formed being recessed to a central 
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axis of a piston to the side of the circumferential 

surface of a head of a single head piston on at least oi \>i of the 
rotational direction of the swash plate and the opposing direction 
with respect to the central axis of the piston, and a sr. it I surface 
for sealing the periphery of the suction port is extend : d to said 
engraved portion, 



DETAILED DESCRIPTION OF THE INVENTION 

(0001) The present invention concerns a piston in a a wash type 
compressor for converting a rotational movement of ,u swash plate 
into a linear reciprocal movement of a single head pii ion by way 
of shoes each interposed between both surfaces of th< i wash plate 
supported tiltably to a rotational shaft and a neck of n lingle 
head piston con tained in a cylinder bore, and control! iig the 
tilting angle .of the swash plate by a difference between a pres 
sure in a crank chamber and a suction pressure by way of a single 
head piston. 

(0002) (Prior art) 

In the compressor of this type as disclosed in Japa >:2_. nese 
Patent Laid-Open Sho 60-175783 and Japanese Utilit) Model 
Laid-open Hei 4-109481, a semispherioal shoe is fitted into and 
supported by a spherical recess of a head of a single tand piston 
at a spherical portion and is in contact with a swash cuite 
surface at the end face portion. 

With such a Shoe support structure, the single head pi i t on is 
reciprocatable in the direction of the rotational axis ( long wish 
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the rotation of the swash plate. Further, wbUe a swash plate 
rotation stopper mechanism is required in a swash pi ft e-type 
compressor, in which a swash plate is supported relaii rely 
rotatably on a rotational plate which is supported ttttiilily and 
integrally rotatably to a rotational shaft and the swaa*i plate and 
• the single head piston are connected by a piston rod, Mich a 
rotational plate and a rotation stopper mechanism arc not required 
in a swash plate type compressor disclosed in Japanem: Patent 
Laid-Open Sho 62-175783 and Japanese Utility Mode! M- Open Hei 
4-109481 and the mechanism is simplified remarkably. 

(0003) la the above-mentioned compressor, a hollow tingle head 
piston is used. By making the single head piston into i. hollow 
shape, the entire weight of the compressor can be rediced. In 
addition, weight reduction of the single head piston reduces the 
inertia of the piston to improve the volume controllability during 
high speed rota tion. That is, as the weight of the plsum 
increases, the o2_, inertia of the piston during high u feed 
rotation increases, 

If the piston inertia is large, a large piston inertia exu its on 
the swash plate upon transition from a suction step tc iin 
exhaustion step thereby making the swash plate tilting angle 
unnecessarily large. For suppressing such an unnecesi ary increase 
of the swash plate tilting angle, the pressure in a cran t chamber 
has to be increased. 

That is, the pressure in the crank chamber must be higher as the 
swash plate tilting angle is larger. However, such a control 
characteristic is contrary to the intended pres sure control in the 
crank chamber (reduction of the pres sure in the oniric chamber for 
increasing the swash plate tilting angle), thereby mat ing volume 
control impossible, The impossibility for the volume control can 
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be overcome by reducing the weight of the piston. 
(0004) 

(Subject to be Solved by the Invention) 

The single head piston disclosed in Japanese UtUitr Model 
Laid-Open Hei 4-109481 requires a manufacturing sti p of welding 
two parts foT constituting a single head piston, 

which increases the manufacturing cost. 

(0005) In the single head piston disclosed in Japanese Patent 
Laid-Open Sho 60-175783, the hollow portion in the lead opens to 
a neck portion and fabrication for making a hollow structure can 
be applied through the opening. o2_. However, it is impossible 
for deep cutting and the volume of the hollow portion in the head 
can not be made larger. Accordingly, weight reductk n of the 
single head piston is not sufficient and it is still neceiuuy to 
constitute a single head piston by welding two parts li,l:e that in 
Japanese Utility Model Hei 4-109481. 

(0006) It is an object of the present invention to radios the 
weight of a single head piston of an integral structure 

and prevent Mctional wear at a sliding contact porta between 
a piston and a cylinder bore. 

(0007) 

(Means for the Solution of the Subject) 

i 

For this purpose, the present invention is directed :o a 
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swash plate type compressor for converting are rota liional movement 
of a swash plate into a linear reciprocal movement oi i single 
head piston by way of shoes each interposed betweer. both surfaces 
of the swash plate supported 

tiltably to a rotational shaft and a head of a single head piston 
contained in a cylinder bore, and controlling the tilths angle of 
the swash plate by a difference between a pressure in i crank 
chamber and a suction pressure by way of a single hi: id piston. In 
the invention as described in claim 1, an engraved portion is 
formed being recessed to a central axis of a piston to the side of 
the oircumferen tial surface of a head of a single heat piston on 
at least o2_. one of the rotational direction of the swu sh plate 
and opposite direction with respect to the central axil }f the , 
piston. 

(0008) The invention described in claim 2 is directed to a swash 
plate type compressor for supplying a coolant gas by way of a 
rotary valve rotating integrally with a rota tional shaft from a 
suction port in communication with a circumferential surface of a 
cylinder bore to the inside of the cylinder bore, whec j in an 
engraved portion is formed being recessed to a centr.ii] axis of a 
piston to the side of the circumferential surface of a i n >ad of a 
single head piston on at least one of the rotational dinsction of 
the swash plate and opposite direction with respect to :he central 
axis of the piston, and the seal surface for sealing th<i periphery 
of the suction port is extended to the engraved porticw, . 

(0009) 

(Function) The engraved portion is recessed from ths 
circumferential surface of the head of the single head )lston to 
the rotational direction of the swash plate or the opposite 
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direction, and the single head piston of an integral si Picture 
haying the engraved portion can be formed easily. Vwn the single 
head piston situates near the lower dead point, the km tia of the 
single head piston is greatest, and the swash plate exors the 
reaction o2L> of the inertia to the single head piston The 
reaction has a component in a direction apart from osr rotational 

central axis of the smash plate to the radial direction, iind the 
component urges a specific portion on the circum fer i nitial surface 
at the head of the single head piston to the circumferential 
surface of the cylinder bore. The engraved portion i iiuates at a 
portion deviated from the specific portion, 

(0010) In the invention described in claim 2, when tb5 single 
head piston situates near the upper dead point, the se al surface 
seals the periphery of the suction port 

(0011) 

(Example) Explanation is to be made for a preferred embodiment of 
the present invention with reference to Fig. 1 to Fig. <■. As 
shown in Fig, 1, a front housing 2 and a rear housinji: 3 are joined 
and secured to front and rear portions of a cylinder lit ?ck 1 as a 
portion of a housing for an entire compressor. A ro:.itional shaft 
4 is supported 

rotatably in the cylinder block 1 and the front housing 2. The 
rotational shaft 4 rotates to a direction of an arrow F. uhown in 
Figs. 1 and 2, In the front housing 2, a rotation supjicTt 5 is 
secured to the rotational shaft 4 and a guide hole 5b li formed to 
a support arm 5a formed to the circumferential edge tf the 
rotation support 5. 



p. ep.ii' 



(0012) A swash plate 7 is supported to the rotational o2_. shaft 
4 tiltably and slidably in the direction of the rotation^ shaft 

4, A connection member 7a is secured to the swash ;:?late 7, and a 
guide pin 6 is attached to the top end of the connection member 
7a, The guide pin 6 engages die guide hole 5b, and tli » guide hole 
Sb guides the slanting movement of the swash plate * l>y way of the 
guide pin 6. With such a structure, the swash plate 7 in tillable 
in the direction of the rotational shaft 4 and rotatabh 
integrally with the rotational shaft 4. 

(0013) A containing hole 12 is formed at a central poition 

of the cylinder block 1, and a rotary valve 13 is contained 

rotatably in the containing hole 12. The rotary valve 13 is 
connected with the rotational shaft 4 and the rotations! 

shaft 4 and the rotary valve 13 rotate integrally. As tihown in 
Fig. 3, a supply channel 13a is formed in the rotary vslve 13 and 
a support port 13b thereof opens to the circumferential surface of 
the rotary valve 13. A plurality of suction ports 12 we formed 
on the circumfe rential surface of the containing hole 12 and 
arranged in the circumferential direction. Each of tf-s suction 
ports 12a is in communication with the cylinder bore : a in 1:1 
relationship. Along with the rotation of the rotationa; shaft 4, 
the supply port 13b is in communication with the suciionports 12a 
successively, 

(0014) A single head piston 8 is contained in the cyli . uler 
o2_, 

bore la perforated in the cylinder block 1 so as to com ect. 

i 

a crank chamber 2a, a suction chamber 3a and an exh austion chamber 
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3b in the rear housing 3 to each other. A pair of op using 
semi-spherical support recesses 9a are formed at the Imside of a 
neck 9 of the single head piston 8, and semi-spherical shoes 1 1 
are fitted in and supported by the support recesses 9u. The 
circumferential edge of the swash plate 7 intrudes beii'veen both of 
the shoes 11, and end faces of both of the shoes 1 1 a s in contact 
with the both surfaces of the swash plate 7. Accorduiily, the 
rotational movement of the swash plate 7 is converted >y way of 
the shoes 11 into the forward-totbackward reciprocal 

movement of the single head piston 8, so that the single > head 
piston 8 moves forward and backward in the cylinder bore la. 
Thus, a coolant gas sucked from the supply channel : : a in the 
rotary valve 13 by way of the suction port 12a into ti t) cylinder 
bore la is exhausted under compression to an exhaustion chamber 
3b. 

(0015) The stroke of the single head piston 8 changes depending 
on the pressure difference between the pressure in ft 4 crank 
chamber 2a and the suction pressure in the cylinder horn la by way 
of the single head piston 8. to change the tilting angli : rf the 
swash plate 7 that determines the compression voluir ir The 
pressure in the crank chamber 2a is controlled by a vclume control 
valve o2_. not illustrated in the cylinder block 1. 

(0016) As shown in Fig. 2 and Fig. 4, a rotation stopper 9b is 
formed Integrally at the back of the neck 9 of the sin^e head 
piston 8. The rotation stopper 9b has a circular circ inferential 
surface of a diameter substantially 

equal with the inner circumferential surface of the frort housing 
2, and the circular circumferential surface of the • rot i t Ion 
stopper 9b is in contact with the inner wall surface of the front 
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housing 2 to prevent rotation of the single head piste □ 8. 
(0017) 

As shown in Figs, 1, 4 and 5, an engraved portior Ha is 
formed in the head 10 of the single head piston 8. Hie engraved 
portion 8a is formed by being recessed to the centra] txis CI of 
the single head piston 8 on the side of the circumfcn tidal 
surface of the head 10 of the single head piston 8 op] ic site to the 
rotational direction R of the swash plate 7 with resp«o: to the 
central axis CI. Fig, 6 is an enlarged cross sectional \ iew taken 
along line C-C in Fig, 1, 

(0018) A seal surface 8b is formed being extended u> he engraved- 
portion 8a on the side of the circumferential surface 0 f the head 

10 and on the side of the top end lOal of the head 10 < >f the 
single head piston 8 opposite to the rotational central txis CO of 
the swaBh plate 7, with o2_. respect to the central ax in CI of 
the single head piston 8. 

1 

(0019) The weight of the single head piston 8 is redm^d by 
forming the engraved portion 8a, The engraved port.cn 8a is 
formed by cutting from the surface of the head 10 or formed by die 
punching and the single head piston 8 has an integral t tructure. 
Die punching is conducted in the direction of the lateml side of 

the head 10. Accordingly, 

one piece block can be used as a blank of the single ht hid piston 
8, which facilitates the manufacture of the piston and 1 educes the 
manufacturing cost. 

(0020) As shown in Fig. 1, an opening edge portion I i.l on the 
inner circumferential surface of the cylinder bore la cn the side 



DEC 05 ' 95 01 :46PM fi&V-v? Va+teAv<>\"/r 



opposite to the rotational central axis CO of the swas! i plate 7 
with respect to the central axis CI of the single head piston 8 
protrudes greater into the crank . chamber 2a than otlier portions of 
the opening edge of the cylinder bore la. 

(0021) 

A lower single head piston 8 in Fig. 1 situates at t lower 
dead point. The inertia of the single head piston 8 wit sn the 
single head piston 8 situates near the lower dead poiw: is 
represented by an anew F0 in Fig. 1. Tht single he Ml piston 8 
undergoes the reaction of inertia FO from the positio i p as shown 
by an arrow Fs by the inclination o2_. of the swash |>late 7. The 
reaction Fs is decomposed into a reciprocal compom at f 1 of the 
single head piston 8 and a component U in the direct .bin apart 
radially from the rotational central axis CO of the swu ih plate 7, 
The single head piston 8 tends to incline by the component f2, , 
and the circumferential surface of the head 10 undergoes reaction 
Fa to the component fl from the inner circum ferentm. surface of 
the cylinder bore la (urging force), while the edge llhl at the 
top end 10a of the head 10 undergoes a reaction Fb to the 
component f2 from the inner circumferential surf act of the 
cylinder bore la (urging force). 

(0022) Assuming the slanting of the swash plate 7 as p fiD44h4pephD, 
the distance from the top end 12a of the head 10 to thi t opening 
edge portion lal as LI, and the distance from the top ;nd 10a of 
the head 10 to the position P as L2, there the follow! :\ $ 
relationships shown by the equations (1), (2) and (3) are 
established between each of phD4peh4pephD, LI, L2, F0, Sf, Fa and 
Fb; 

Fs cos phD4peh4pephD ■ F0 — (1) 



P-ip.15 
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Fs sin phD4peh4pephD - Fa + Fb ■ 0 — (2) 

LI Fa - L2 Fs sin phD4peh4pephD - 0 — (3) 

The following equations (4), (5) can be derived from the 
equations (1), (2) and (3): 

Fa « L2 Fs sin phD4peb4pephD/L2 — (4) 
o2_, 

Fb *» (L2 « LI) Fs sin phD4peh4pephD/Ll — (5) 

The equations (4), (5) represent that the reaction Fa, Fb are 
reduced as the distance LI is greater. As the reaction Fa, Fb are 
smaller,, the firictional wear at the sliding contact poribn 
between the single head piston 8 and the inner circunj erential 
surface of the cylinder bore la can be reduced. 

(0023) In this embodiment, the engraved portion 8a :.» out of a 
contact region with the opening edge portion lal of We cylinder 
bore la. Accordingly, if the opening edge portion Inl is extended 
within an allowable range, the distance LI can be ensu red to 
reduce the reaction Fa, Fb. When the single head pittim 8 
situates toward the upper dead point from an interna iiiate position 
between the lower dead point and the upper dead poln :, the 
compression reaction is greater than the reaction to ihs inertia, 
and the component f2 directs to the rotational central axis CO. 
Accordingly, the circumferential surface of the head 1 0 on the 
side of the rotational central axis CO with respect to \l.je central 
axis CI is urged to the inner circumferential surface of the 
cylinder bore la but the engraved portion 8a is out c:i? the urging 
region of the circumferential surface of the head 10. 



(0024) The upper single head piston 8 in Fig. 1 situaies near the 
upper dead point, and the seal surface 8b encloses 

o2_. 

the periphery of the suction port 12a. The enclosure enhances the 
sealing performance for the periphery of the suction port 12a, 
which can prevent the high pressure coolant gas remaining in the 
suction port 12a from leaking along the clrcumfercnfid surface of 
the head 10 to the crank chamber 2a. 

(0025) When the single head piston 8 situates near at: 
intermediate position between the lower dead point aiiti the upper 
dead point, the swash plate 7 rotates in a direction ov i in arrow 

R being inclined with respect to the single head pistoa 8 as shown 
in Fig. 7. When the single head piston 8 situates near the 
intermediate position, the compression reaction is grouser than 
the reaction of the inertia and the component of the < cmpression 
reaction exerts in the direction of an arrow Q. The: [J "ore, while 
the opening edge of the cylinder bore la and the latent . side of 
the head 10 abut against with other, the engraved por: on 8a is on 
the side opposite to the lateral side, so that no frictio; 
contact is caused between the edge of the engraved potion 8a and 
the opening edge of the cylinder bore la; 

(0026) As shown in Fig, 7, an inclined surface 9c is f ormed to 
the periphery of the support recess 9a of the neck 9. The 
inclined surface 9c is effective for pre venting interim aice with 
the swash plate 7. Since die o2_. punching is condu ted in the 
direction of the lateral side of the head 10, the inclined surface 
9c can be formed only by die punching. 

(0027) It will be apparent that the present invention not 
restricted only to the foregoing embodiment but the p:esent 
invention is applicable also to a single head piston 8 A ?f a swash 



plate type compressor, for example, as shown in Fig . j, in which 
a coolant gas is sucked from a suction chamber 3a is to a cylinder 
bore la, and the coolant gas is exhausted from the cylinder bore 
la to a suction chamber 3b. The single piston 8A is different 
from the single piston 8 of the previous embodiment crily in that 
the seal surface 8b is eliminated, and an engraved portion 8a is 
disposed at the similar position as in the case of the sir gle head 
piston 8, In a swash plate type compressor not usinj: he rotary 
valve, the seal surface 8b is unnecessary and saving of the seal 
surface 8b reduces the weight by so much in the single head piston 
8A, 

(0028) Further, in the present invention, the single hiiiid piston 
can be constituted also in the shape as shown in Fig.s <> to 11. 
In the single head piston 8B in Fig. 9, an engraved potion 8c is 
disposed on the circumferential surface of a head 10 u i the side 
of the rotating direction of a swash plate 7 witb.respuct to the 
central axis of the single head piston 8B. While an edge portion 
8c 1 of the o2_. engraved portion 8c tends to be in frurtional 
contact with the opening edge of the cylinder bore In >y the 
component Q of the compression reaction, damages «!!iie to friction 
between the edge portion 8cl and the opening edge o: 1 ' he cylinder 
bore la can be suppressed by increasing the wall thick less on the 
side of the edge 8cl, 

(0029) Iri a single head piston 8C shown in Figs. 10 n t d , 1 i, 
engraved portions 8a, 8c are disposed to the circumft lential 
surface of the head 10 on the side of the rotational 

direction of the swash plate 7 and on die opposite side with 
respect to the central axis of the single head piston 80 The 
single head piston 8C is further reduced for the weigh', than the 
single head piston in each of the fore going exnbodimtitts. Also in 
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this single head piston 8C, while the edge portion 8C I of the 
engraved portion 8o tends to be in fictional contact tvith the 
opening edge of the cylinder bore la, damages caused by friction 
contact between the edge 8cl and the opening edge cf the cylinder 
bore la can be suppressed by increasing, the wall thickf ess on the 
side of the edge 8cl. 

(0030) Alternatively, as shown by a single head piston 8D in Fig. 
12 or a single head piston 8E in Fig. 13, a load receiving surface 
8d may be disposed for receiving the urging force can ted by the 
. component Q. 

(0031) 
o2_. 

(Effect of the Invention) As has been described above specifically 
according to the present invention, since the engrave;! portion is 
formed by being recessed to the central 

axis of the piston on the circumferential surface of the head of 
the single head piston on at least one of the rotational direction 
of the swash plate or opposite direc don with respect * c the 
central axis of the piston, it can provide an excellent afect 
capable of attaining die weight reduction of the single head 
piston of the integral structure and preventing fricttaisl wear 
for a friction contact portion between the single head piston and 
the cylinder bore. 

(0032) In the invention as described in claim 2, since t seal 
surface for sealing the periphery of the suction port fcr the 
rotary valve is extended on the side of the engraved . ::i>rtion, it 
can provide an excellent effect capable of being used br the 
swash plate type compressor using the rotary valve. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

(Fig. 1) is a side elevational cross sectional view for an entire 
compressor of a preferred embodiment according to the present 
invention. 

(Fig. 2) is a cross sectional view taken along line k-h in Fig. 1, 
o2_. 

(Fig. 3) is a cross sectional view taken along line B>£ :n Fig. 1. 

(Fig, 4) is a perspective view for a single head piston. 

(Fig. 5) is a perspective view for a single head piston 

(Fig. 6) is a cross section taken along line C-C in Fig .. 

(Fig. 7) is a cross sectional view for a portion. 

(Fig. 8) is a side elevational cross sectional view for uc entire 
compressor in another embodiment, 

(Fig. 9) is a perspective view illustrating another em bodiment of 
a single head piston. 

(Fig. 10) is a perspective view illustrating a further embodiment 
of a single head piston, 

(Fig. 11) is a vertical cross sectional view of a single cead 
piston in Fig. 10. 

(Fig. 12) is a perspective view showing a further embodiment of a 
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single head piston. 




(Fig. 13) is a perspective view showing a farther embodiment of 
a single head piston. 

(Description of Reference Numerals) 

la ... cylinder bore, 



8, 8A, 8B ( 8C, 8D. 8E ... single head piston, 

8a, 8c ... engraved portion, 

8b ... seal surface, 

9 ... neck portion, 
o2_. 

10 ... head portion, 
lOal ... top end, 
CO ... rotational central axis, 
CI ... central axis. 



lal ... opening edge portion, 
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©«*s&fw»u mtrnt-ftrnzmmrzu-? u a 
K*3«-*tfxh>. 

[0 0 0 1] #3518 fck EBE»lc«Bli^lBfc3a»*n/t 
[0 0 0 2] 

^^996 0- 1 7 5 7 8 3*2MU 9M 

¥4-10948 ln&mzmTjkznzcvmo&i&m 

4UfgT*<5o x> Mtemz&m^m^mimt-ft 
mzm&^m\z3aft2nit®mfc±\z«m&mttmm'Q 
mttft-rztmz, mLt) 1 rmvAb>t*vxh> 

jJ:fc«S#&ST&&a*. ttH0B6 0- 1 7 5 7 8 3^- 
*S¥4- 1 0 9 4 8 1 ^«<D»»#t«aEa8 

[0 0 0 3] C<DEffimz\Z'P&1&Vt<DK'mVXh>& 



(2) ^¥7-1 8 9 9 0 0 

2 

>Sfi^^v^ia5M[Hi^^f©brx b 

trxh>«tt^^^v^^Aff®*^Rf:mfrg 

^c^oiMJSfcfcfcfc^fcfcrx h >«tt»a**MRKirafr 
&mftm*&wzz\z\*?7>?&ft<Dmj3&&<-?z> 

&&±z<*r2>\z\$t? : 7>i?&to<Dmji*:&)£Tz>z. 

[0 0 04] 

[5SE#«Rfeb<fc'5 £-rSMffl H£W¥4 - 1 0 9 4 8 

l^&ofrsctrx h>^«2^o^a^^uTM'® 

a? f^nxhco±#S:'bfc^-r« 

[0 0 0 5] #gPB6 0-l 7 5 7 8 3^A v iOfrSe 
Xb>Tte> ^«cD^««m6RflI^iaPUT^t), Z. 
CDBa«^"&*fflfldlDXS«**. b*>U ^<^T 

tSoT, M-^brxh>oeafl:^+^-c«^: 

<, *ffl¥4-l 0 948 1^a©S^^Sl:2^ 

[0006] *&w\z, —im&ofrmvx h><D&m 
ftacxKxh>t^y>^#7fc©BoiB«»ttflDMNe 

[0 0 0 7] 

KI»fclMfcir*ir^Sn&««©BWt^U 
WcJR^£tifc>Hgb!x h>oo^tcD^Je:^$n^ 

mmm\z&»Tzt&\z. mwje 

Tte, trxh>0*^tt*fcBbT««OIeI*E^lft«& 
[0 0 0 8] W#^2fcSE«©fgWT?fck ©fetti:-^ 
tt«fcBbT«MR<Olir^ft«&tfK#«©^^ 

-jj<DKmvxb><Dm&<!>mmm\zyz* trxh>©+ 
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(3) 

3 

DAWKS Dfflbfc. 
CO 0 0 9] 

[0 0 10] »*^2fcE«<D*^T«, H*gitfXh> 
[0 0 11] 

[^J£0i] KT. *^K^^Wfc;L'^^Jfi^ : £®l-' 

m 7 fc*rJv>TB»w-s. m i izm?£ $ \zm&®±& 

<D;\wy?<D—&t.uz>z/V >??U y2 1 (DfftWZ 

«4ttH12fe»H2fc*-r*BiR*lftfclsI«*r*. 
>b/\*v>^2rt £T Bfitt 4 5 #lh 

[0 0 12] lHrtgtt4(CJ«5f«7^lPllitt4*lft^«|& 

tr>6«^ur««7<o«ft**rt-rs- cwc^o* 
« 7 3»tiaKM4^Fm^Bnwtt^i§niM4 

[0013] U >?7u v9\ WK«fL 1 

B^4fcM&S*r , CfetK M&b4tU-jn)WJ 
l 3 fcfc-ttWfclinE-r*. asic^T J;5Kn-*»j 
n;V^l 3rtfcte«*&M&l 3 a#»JS$nt*D, * 
CD#*&#-h 1 3 b^D-^UAVl/^1 3©«Hfc:BQ 40 
bW*. «WR1 2<7)«ffiJC»«»ORA*-M 2 
a#«*«fciWM«tlT^«. #«A#-b 1 2 a 
lty'J>^7 1atl^lTHLW5. ©1tett4 
OlEl^fc^o T#f&#- h 1 3 b teKAtf- M 2 a £ 

[0 0 14] ^7>^2a, Ui?7N#S?>^3l*gC!>E 
A£3 aRtXttffla3b*H^lc»8irr*J:5fc^U> 
l fcjnt3n&5'U>jW7' 1 a rtfcttfi-a 
bfXh>8^JR*SnT^S. Jt!ibfXh>8(E>ir&9 



W7-1 8 9 9 0 0 

4 

T*3 0 . £J$iggB 9 a fcte^ttGDS/a.- 1 1 at&A3£ 

»*nrvi*. ««7©^j»fflttw^-i i ffii:AD 

&S 7 WltOTya- 1 l ©JMBftiST*. 

xh>8coffifaaa»»fc2E*$n, tf-»t?xh>8*t 

->U>^#71 aWfttWMft-Tft. cniCiDn-jrij 
A;^l 3^(Oi^Ml 3a*&!BA#-M 2a§ 
^LTy'J >^#7 1 art^KASnfc»MWX*tJE» 

$n^^ttw^3 b^qtm^nsc 

[0 0 15] M-^tfAh>8<Z)AhD-^«^^>^^ 
2 art<0JBE*£$/'J >^7 1 artORAJEtOJt^fcT 

x h > 8 €^u&sbbek:*i;t**) EE»&*&fe6 

[0016] b 2 msm 4 iC^T^ 5 JOtSPI tTX h > 8 

*<> IeIDil:«)«9bfi7n>'hA^^>^2CDP f g^M^ 
^tK^Riffi^tlt^D, [§J0lki&&9be>R 

h>8<DB<g£Rjtf*. 

[0 0 17] Bl« H4RtfH5fc^-r,fc5fcfrWt;^ 
h>8<E«S&l 0fctt«8tD«8 a«$nt^§c 
Att9gK8 att, fr«Xh>80*6«iCi KWl, 

«10<DMI«it:T^ittCi ««CfilWTEI*»j«S 

nrv^o 06tt0ioc-ci^i^»fffis-c^So 
[ooi8] h-mvxb>s<D*&mmci \zwvx# 

«7<0|U«K*i>tt«Co t«S^Ofr^tfAh>8<^ 
JpfgBl OO^M^^ggi o®%Wl 0 ai MIC«-> 

[0019] ycmvxb>8\*mT&*)m8 tKD&0ttz& 

oTHSflsSnSo *n&9S&8 aK»g&l 0(OWg*>£ 
fa\Zftt)tlZ>o tot, fr®lfXh>8^tLT- 

[0020] aitc^-r<k5^ M*^tfxh>8(7)^f> 

©yU>^#71 aODrtMffi«o?MP»8Bfil ai «5> 
U>^7 1 a<0B>P*©«8WSkJ:D'b^7>^a2 a 

[0 0 2 1] ai(DT^CD>t^i;Xh>8«T^^ 

fr®^xh>8*n%ftffief=fjBfc&«t€r(3!) 
M"«fcrxh>8©«tt*ttBi©5eBiFa T^n-So 
)t®tfxh>8tt««7C[>«€r»c<J:oTttfiP^^fitt 

H-^fcTXh>8(Dffia«C&|Rj©^fi ^«7 
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(4) 



8 9 9 0 0 



6 



5£ (1) 

ens. 



*fa £lC$tf#£ttSo M-^tr^h>8«^f 2 

SCIB1 0tf>5fc*Sl 0 aOJg^l 0 ai ^> 

*fr*E#Fb£»*So 

t0 0 2 2] ^K7^§e, HSU 0<Dfc*81 0 a 

F a=La • F s • sin0/Li 
Fb= (La -Li ) -Fs • sin0/Li 
5£ (4) , (5) MJBJBLi tf**£<fc*fc£E*F 
a, FbmOteSJliMt. S*Fa ( Fb^/h 
;*W5£fr«tfXh>8£$'y>^#y 1 art^W£0> 

[0 0 2 3] *SBM!TraU «#D«8 a«y>J>^ 
nafiDlDlRfilai t©S«**^6»nT^ 
So fct> HDftffittlai *W#sn*<BHT«tB 
t*ntflE«Li &»<££:#T€r* I^jFa, Fb^fi 

«Mfc£H*::£:a*TSrs. M-«t!xh>8drF^ttfll a? 

tt i a tSBPKf^miCo f^T, 4>&tM 

Ci tcRLTH64>AtfeBCo ffloaittl O0>AB«#t 
ivy >^#7 1 aOft«Mfcffl/fttf6hS^ ftl&D 
&8 attMEl 0OHVO«FU#»t«Nt»&nnTV) 

So 

[0 0 2 4] 01 ©±«Ofr«fcrx h > 8 tt±JBj*ffi« 
tfiEKfcO, W 8 b ttRA#- M 2 a (D^HS 

JHfaOTKfe&tL KA#-h 1 2 artfcSIS-rs?l5ffi^ 

nscta^jhsns. 

[0025] mSib:xh>8 3VT«jatt«.t±5Ejftffi« 

fr^tfxh>8^Mffi*wffie#5!£^»s»'&^ 
u >^#t i a on □« £©«n£^rasi;fcv*. 

[0 0 2 6] 07^-r < t3JC«ffl9C!)3a*IHI«89aO 

«»S7fc<oT**l»Jhr*±T«»Tr**. 3&€?& 
j&tesgs i o ©^si&fcfrtans&fc* «*W9 c <r> 

[0027] *&m\t%&timmi&M\z<Dfrmfe2nz> 



♦ JBlOa^BttlPSTOBIBftL, t-TSt, 0, L 
i , La , Fo . Fs, Fa, Fb©Wf:»a (1) , 
(2) , (3) T»TB«***. 
Fs- cos0 = Fo 
Fs - sia0-Fa + Fb = O 
Li -Fa-La -Fs - sin0 = O- 



(2) , (3) (4) , (5) tfft 



(1) 
(2) 
(3) 
(5) 



• (4) 

• (5) 

1 a^^^^fX&qtHi^3 b^*tm-r%mm& 
«^ffi««CDM-^trxN>8Afcfe*:^^3g^T^ 
So H*^tfXh>8A«m?B||J£^CDM-^br^h>8t 

So D-^U^^$^V^^»i!i««Sffi««TtiS/ 
8 b tt^ST^ 0 , zs-)Vm 8 b iirtf^n 

[0 0 2 8] X, *SS9ra*0 9-H 1 1 IZfRTKmV 
^h>(7)^«J«t>pJtgT*So 0 9(DM-^trxh>8 
BTtefil&D«fc8 c#mgtfX h >8 B(D*/L>tti£HC^ 

ur««7oisnE*iRi«ow«i ocD^ffi^jc^-t^n 

TV>S. A«tDff8cti!)mB8ci tiJEBS^O^Q 
»C<fcoT">U>^#T 1 a©lln»£«n»<feSrt*> 
i^8ci «©aw**^-rca:KJ:D«B8ci iiv' 

u >^#r i ao^pj&tco^nt^sy^-^&aj^i 

[0 0 2 9] 01 l(DM-®bfXh>8CT« 
A«Dffi8a, 8 c^«tfXh>8C<D**Mft»ICM 
LTftffi 7 (D®te*raMR^K?*«lOa«8 1 0 O^ffi^j 

>8C^fe^T^^t)SP8c(Dj&SK8 ci \aSsV>jf 

[0 0 3 0] &SV>te01 2lC^T#«tf*h>8D* 
01 3 K^rH-SPlfcrx h > 8 E (D <fc 5 fcftrffi QiCi: 

[0 0 3 1] 

fc, )tit?Xh>tS/U>^7(!:<OBOliWOf 

[0032] m&m2\z$dm<omwT*\t* n-?v;vv 
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(5) 



$£B!¥7- 1 8 9 9 0 0 



1 1 ] **S*JMf^Lfc-^«©jaEIW^© 
MBrW0T&£. 

[02] 01(0A-AS»rffi0T&S. 

04] M-fflfcTX h>CD&«0T&£o 

0 5] M-^tfXh>O^0T^So 10 

06] 0 1 CDC - C»gfS0Tc&£o 

7] gfflWrffiST&S. 



5 



[0 8 ] 9I«|OEt8tB&f|:oa!l>fBHTft 

[0 9] frffltT^ h>(D#J^£^T^0Tfc*o 

[010] H«br^h>©»i«€«-r»aH-c**. 
[0in 01 o<Dftmvxb><omimm-c&z>o 

[012] M«fc?xh>CE>W«^-r««H-C*«. 
[013] WHtfXh>©SiJ«ft*T*aBT*«. 
[flF#<Dift91] 

la-.^y>y#7» lai -UnSSHfc, 8, 8A, 
8B. 8C, 8D, 8E-M-9»fc!Xh>, 8a, 8 c- 
ftl&Sgk 8b-5/-;i/E 9-1t& 1 0«*ft 1 
0 ai Co ---HftMMflU Ci 



[01] 



I la i — L*-H .la. B 





[09] 




9c gb 
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(6) 



4$B1¥7-1 8 9 9 0 0 



[03] [05] 




9a 
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(7) 



#W¥7- 1 8 9 9 0 
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